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Abstract 
The paper aims to discuss three important concepts 
which researchers on R&D performance should consider 
in their endeavours. The structure, performance 
measurement and control for R&D-related activities are 
reviewed and discussed. Future insights related to R&D 
performance are suggested. Finally, the paper concludes 
with the importance of integrating the three concepts in 
the future studies. 
Keywords: R&D structure, R&D performance 
measurement, R&D control 
1. Introduction 
The paper aims to discuss important issues 
pertaining to research and development (R&D) 
related research. Extant literature are reviewed and 
some suggestions for future research direction are 
provided. The discussion is based on three 
important questions: 
How structure determines R&D function? 
How to measure performance to ensure objectives 
set out for R&D are achieved? 
How to control R&D function to support the 
strategy and long-term objectives of a company? 
Past research has demonstrated the important role 
of R&D performance plays in enhancing 
productivity (Hall et al., 2009), and maximizing the 
long run performance and firm value (Pauwels et 
al., 2004). However, due to the complex nature of 
R&D performance measurement has always been 
problematic. To this end there is a tendency in the 
control literature to view R&D related performance 
as long-term goals focusing on financial outputs 
such as profit from new product. The structure of 
R&D is seldom examined together with 
performance measurement and how they relate to 
control.  
2. R&D Structure 
In general, structure facilitates the flows of 
materials and information; and shapes how people 
focus their time and energy in organization 
(Simons, 2000). Work units are the grouping of 
people with given tasks supported by resources in 
an organization. These units are held accountable 
for (i) the output expected to be produced and (ii) 
the performance standards expected to be met. 
Simons uses the term “accountability information” 
which is used to measure and control performance. 
This important concept has a close link to the 
performance measurements to be discussed in the 
next section. According to Simons (2000), a firm 
has options to structure its organization around 
function or product/customer. This chosen option 
shapes accordingly the firm’s R&D unit. R&D unit, 
as other organizational units, has its purpose, 
supported resources, and expected output and 
performance standards. 
To leverage the benefits of specialization, it is 
common that firms organize work units based on 
specialized functions. As in any other functional 
work units, R&D in general can be organized as a 
separate cost centre. Some firms may have their 
R&D units acquire work from external firms. Thus, 
they practically would organize the R&D units as 
profit centres. Organizing R&D into specialized 
functional has certain advantage such as efficiency 
with regard to resources used. However, as often 
noted in the literature, it can stifle creativity and 
hinder responsiveness (i.e. Amabile, 1998; 
Mouritsen et al., 2009; Mundy, 2010; Simons, 
1995; Wijethilake et al., 2016). 
R&D unit can also be clustered based on 
product/customer. This is especially relevant in 
multiproduct firms where firms are organized by 
product division. The business units have their own 
R&D unit focusing on improving on existing or 
introducing new products within the division or 
product lines. The benefit of R&D unit organized 
based on product line is it is more market focused. 
Hence, it is more responsive to the changing in 
market i.e. customers and competitors. The 
economies of R&D resources can be achieved 
through enhanced capability to create value to more 
focused market. 
There are some implications associated with both 
structure. Firms need to weigh the trade-off 
between benefits and costs. Table 1 summarizes 
these trade-offs. 
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Table 1 Trade-offs between R&D structures 
 Decentralized Centralized 
 Market 
focused 
Functional 
 Responsive 
to market 
changes 
 
Internal 
coordination 
(mechanisms 
– control 
system, 
resource 
allocation, 
project 
planning) 
Not required Required 
Control systems 
must be able to 
integrate the 
interdependency 
through input-
output 
information. 
Monitoring 
system is quite 
costly (to prepare 
info and 
managers’ 
attention) 
Span of 
attention 
Wide Narrow – focus on 
efficiency through 
specialization 
The other aspect is the decision-making power of 
R&D managers – centralized versus decentralized 
work units.  It is common now that firms organized 
their R&D activities in the form of multi-functional 
teams. They are project-based and cease once the 
projects complete. There is performance 
implication due to the characteristics of teams. For 
example, measures used to evaluate a particular 
team performance should reflect more of the terms 
stated in the project plan of which common 
measures used relate to time, budget and 
specifications. As Figure 1 illustrates, the higher 
the hierarchy level the broader the responsibility. 
Higher level management is more concern about 
strategic decisions like market position and market 
share; therefore, they have wide range of control on 
the firm’s resources. 
 Structure Design 
H
ie
ra
rc
h
y
 
L
ev
el
 
Hi Market focused 
Low Specialization 
Figure 1 Decision-making power of R&D manager 
In conclusion, a single company would have a 
centralized R&D unit as opposed to decentralized 
unit which suits more of multi-company or 
business units. The size of company matters 
because small company in terms of revenue and 
number of employees is more likely to have 
centralized unit for its R&D activities. 
Stages in R&D can be categorized into market 
research, product design, and product development. 
R&D is a key strategic issue due to its 
consequences on firms’ success and positions. 
R&D activities either contribute to firm prosperity 
or bankruptcy depending on its performance. 
Hence, accountability and measurement of R&D 
performance are vital for implementation of 
strategy (Bremser & Barsky, 2004; Pearson et al., 
2000). 
Too much emphasis on efficiencies may contribute 
to the detrimental effect on innovation. The use of 
diagnostic measures should not cover too short a 
period. To complement this void of control, 
managers may need to use the interactive lever. For 
instance, the way managers use information on 
improvements made will affect the employees’ 
motivation. If it is used too much for evaluation 
purposes instead of learning and improvement, 
unintended responses from employees my hurt firm 
in long run. Effective control must be able to 
motivate employees to think ideas about future 
business. 
3. Performance Measurement 
Regardless of the types of organization a R&D unit 
may have been formed, some kind of measurement 
on its performance must be done to inform the 
management. Performance measurement for R&D 
remains problematic. This could be due to the 
nature of R&D process and output whose 
complexity depend on many contingents thus 
contributes to the uncertainty of R&D outcome. 
Some critics on construct/items to measure 
innovation or R&D performance: 
First, too much work has been focused on output 
measures such as number of new products 
introduced. It should also focus on input and 
process measures (e.g. number of engineering 
hours, number of product delivery milestones 
achieved). But bear also in mind that critic argues 
that engineering hours are too narrow and do not 
capture the whole process of innovation 
For discussion, the metrics for measuring R&D 
effectiveness can be categorized into (i) internal 
and external and (ii) quantitative and qualitative 
measurements. Quantitative metrics use numerical 
indicators to measure R&D performance and often 
focus on outputs. Werner and Souder (1997) report 
the frequently reported metrics in the literature. 
Various measures are made which either related to 
input, process or output. The most common 
measure for input of R&D is R&D expenditure. 
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Productivity measures combine both input and 
output elements. For example, there are R&D 
effectiveness index, R&D innovation index and 
R&D quality index. 
Another important consideration is expectations 
and needs of different constituents. In the context 
of R&D customers can be divided into internal and 
external. Schumann et al. (1995) elaborate on the 
importance of measuring R&D process which they 
categorize into in-process and end-of-process as 
presented in Table 2. 
Table 2 R&D process measurement 
 End-of-
process 
measurements 
In-process 
measurements 
Internal 
measurements 
Performance 
tracking 
Technical 
productivity 
improvement 
External 
measurements 
Competitor 
assessment 
Benchmarking 
or best 
practices 
Source: adapted from Schumann et al. (1995) 
The performance tracking refers to the 
organization’s business performance over certain 
period of time. This is a feedback system which 
will be discussed in the following section. 
Expected figures will be compared to the actual 
and any deviations should be explained. The 
technical productivity improvement represents 
efforts made with regard to processes. The critical 
dimensions are cycle time, quality, and cost. The 
two remaining quadrants are external 
measurements – competitor assessment and 
benchmarking.   
Brown and Svenson (1998) differentiate between 
product development and technology development. 
While product development is narrow and focuses 
on particular product or product lines, technology 
development covers across multiple product lines 
and business units. They even suggest different 
measures for each category. Based on the 
discussion in the previous section, firms which are 
structured by product/customer may need to have a 
centralized R&D to effectively measure technology 
development. In other words, firms which are 
centralized would have their R&D units focus more 
towards technology development than 
product/market development. Table 3 presents the 
difference between product and technology 
developments measurements. 
 
 
Table 3 Measures of product and technology 
developments 
Product 
development 
Technology development 
Net present cash 
flow to 
development cost 
Percent of new technology 
content in new products 
Percent of 
products 
developed in the 
last five years 
Transfer rate of new 
knowledge and technology 
into product development 
Percent of net 
income from 
products 
developed in the 
last five years 
Competitive value of 
technology innovations and 
research data 
Product 
development cycle 
time 
Net income from sales of 
technology 
4. Control 
The uncertainty surrounding R&D activities makes 
it important to plan for and control those activities.  
Control systems have been proven to be useful 
tools in environments characterized by high levels 
of uncertainty (Davila, 2000).  Many studies show 
that control system has an effect on R&D 
performance (Davila, 2000; Davila et al., 2009a,b; 
Ferreira & Otley, 2009, Hertenstein & Platt, 2000, 
Bisbe & Malagueno, 2015, McCarthy & Gordon, 
2011). Depending on the way R&D initiatives are 
organized, as discussed earlier, there are a number 
of ways control model can be chosen from. Either 
centralized or decentralized R&D cost centre can 
use hierarchical control. 
It has long been claimed that control, due to the 
measurement problems, is limited to budget setting 
and periodic peer reviews (Roussel et al., 1991). 
Simons (2000) discusses technical feasibility of 
monitoring and measurement as one of the criteria 
to be considered in deciding what to control. It is 
hard to understand the cause-and-effect relationship 
of R&D process or activity that most companies 
resort to measuring the outcome of R&D instead. 
Ex-ante targets are set to be compared against 
actual performance as R&D/innovation using 
feedback system. This is a common characteristic 
of a feedback or diagnostic system. However, 
R&D/innovation projects are not likely to be 
monitored as they progress due to unclear cause-
and-effect relationship. 
Managers have to deal with uncertain goals and 
performance targets (Elkins & Keller, 2003). 
Therefore, leaders’ attention is required to manage 
and succeed R&D performance. As underlined by 
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Simons (1995), management attention is scarce 
while its importance in innovation context is even 
more. Thus, control is of crucial need in such 
setting to help efficient use of management 
attentional resource. Some controls to be discussed 
here are BSC and levers of control. 
1. Balanced scorecard 
One of the frameworks suggested in the literature 
to measure R&D units is balanced scorecards 
(BSC). BSC is considered as integrated 
performance measurement system that aligns 
business activities to firm’s strategy. BSC links all 
levels of a firm into one system through four 
perspectives namely: financial, customer, internal 
process, and learning and growth. Since its 
introducing by Kaplan and Norton, subsequent 
research on R&D performance measurement 
consider BSC as of immense help in sharing 
financial measures which are being the dominant 
performance measures (Marr & Adams, 2004). The 
BSC concept transforms company vision and 
strategy into a comprehensive set of performance 
indicators that provides a framework for assessing 
its strategy and management system (Zizlavsky, 
2014). 
The last decade has seen increased interest in 
reflecting these four perspectives in measuring 
R&D performance (Bigliardi & Dormio, 2010; 
Bremser & Barsky, 2004; Herath & Bremser, 2005; 
Wang et al., 2010). The thought behind utilizing 
this framework is to introduce the non-financial 
measurement indicators to R&D results. Some 
attempts have been made in the literature to devise 
the BSC framework for R&D. For example, 
Garcia‐Valderrama et al. (2008) introduce one 
more perspective namely: innovation, whereby 
companies would be able to measure the efficiency 
of their innovation activity. 
Herath and Bremser (2005) look at BSC as an 
integrated performance measurement system that is 
designed to align R&D and other functional areas 
with corporate strategic goals. Bigliardi and 
Dormio (2010) find BSC model is suitable for 
R&D. It is claimed using such approach to measure 
R&D activity, which is process-based, is associated 
with a number of pitfalls, such as it fails to fairly 
address the motivation aspects which has been 
identified as a key to the successful implementation 
of performance measurement systems, and it is 
present-based measurement system which neglect 
future aspects of R&D projects (Krause, 2003). He 
argues future business processes model should 
include feed-forward system which concentrates on 
the way an organization should work in order to 
achieve its goals. Malagueno et al.’s (2018) 
findings suggest using the BSC for feed-forward 
control increases exploitative innovation of Spanish 
SMEs. 
As other performance measurement systems, the 
measurement instruments under each of its four 
perspectives needs to be modified to reflect the 
strategic indicators for each firm. In this regard, 
Bigliardi and Dormio (2010) argue little attention 
has been paid to BSC development and 
implementation in companies which consider their 
R&D activities to be of strategic importance. 
It is notable that to get the benefits of a well-
designed measurement system, managers need to 
approach their using of it for control purpose. 
Identifying R&D structure and defining its 
performance measures would enable top managers 
from controlling such activity thereby contribute to 
excel R&D performance. 
2. Control levers for R&D 
Control levers framework comprises belief, 
boundary, diagnostic control, and interactive 
control systems. They are distinct but interrelated. 
Simons (1995, 2000) argues control of business 
strategy can be achieved by integrating these four 
levers together. Managerial use of these four 
control levers creates dynamic tensions within the 
overall control package, thereby allowing firms to 
encourage innovation while pursuing pre-set goals 
simultaneously. The framework has its strength by 
including different types of controls and providing 
a broad perspective (Ferreira & Otley, 2009). 
For monitoring purposes, the diagnostic control 
system is sufficient. And managers generally use 
the information provided by the diagnostic system 
to gauge progress of business operations. The key 
is that the diagnostic control systems provide 
feedbacks to inform managers of any significant 
variances or trends against actual events or 
outcomes from the plan. Measures developed are 
used to support execution. For example, budget 
report is the most common mechanism in any 
organizations. Diagnostic control systems enable 
managers to set targets and ensure that strategic 
goals are going to be achieved. R&D projects are 
serious hazard for the business if they not be 
planned and controlled well. Through diagnostic 
control systems, managers can conserve their 
scarce attention (Simons, 2000) and spare it for 
other strategic matters. 
Henri (2006) found that diagnostic control system 
negatively related to innovativeness. Frequent 
monitoring may cause interference that discourage 
employees from taking risk in project or idea that is 
highly uncertain. This negative influence does not 
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reflect innovation impediment as other studies 
argued, rather it indicates the beneficial role of 
diagnostic systems to constraint R&D projects to 
what is planned for and keep them on track (Henri, 
2006). In the same line, Widener (2007) found that 
belief and diagnostic control systems facilitate the 
efficient use of leaders’ attention. If diagnostic 
system to be used effectively managers must be 
aware of several issues and adapt to the situation as 
the need arises. 
And finally, managers exploit interactive systems 
to search for new information regarding strategic 
uncertainties and communicate the information to 
the organization. Interactive control systems 
facilitate leaders to communicate and control those 
strategic changes in the pre-set goals. As a business 
is operating in a dynamic environment, the leader 
must be aware of strategic uncertainties which 
could make the current strategy obsolete and in 
turn getting undesired results. Simons (2000) 
argued that interactive control system enables 
leaders to focus organizational attention on 
strategic threats and opportunities. This argument 
supported by Widener’s (2007) findings. He found 
that firm faces competitive uncertainty; interactive 
control system is vital. Bisbe and Otley (2004) 
found no effect of interactive control on 
innovation. However, they concluded that it 
enhances the impact of innovation on performance. 
So, interactive control enables leaders to 
communicate innovative ideas got from their 
attention on search of information and direct the 
overall organizational attention to focus on such 
innovations, which in turn enhance the R&D 
performance. 
5. Some suggestions for future research 
The discussion on some of the important concepts 
on R&D related effectiveness provides 
opportunities for future research in the area. From 
control perspective, both the structure of R&D unit 
and performance measurement are important 
elements in understanding R&D effectiveness thus 
how to manage it effectively. 
R&D structure does not only refer to work units but 
also working relationships among these groups. 
The advent of teams means that future research on 
R&D effectiveness must also look at how effective 
working relationship among organizational units 
contribute to R&D performance. This opens up to 
the research question of what do we already know 
about the relationship between management control 
system (MCS) and R&D/innovation? 
Traditionally MCS has been viewed as hindering 
R&D/innovation due to limit it puts on certain 
resources such as people and finance. Recent 
research views MCS as helping firms to enhance 
their innovation efforts. To overcome such 
contradictory in the literature, a question like for 
what purpose does MCS used in R&D/innovation 
projects or activities? There are many possible 
answers to this question. MCS could be used for 
controlling cost to ensure budget is not exceeded. It 
could also be used for discussion and learning to 
ensure the outcome is achieved. On the way to 
answer this question, another question arises 
regarding the way MCS is utilized by firm. 
Does management team use MCS in enabling way 
that supports the success of a R&D/innovation 
project or restraining the resources committed to it? 
In order to answer this question, this study 
examines the levers of control used by management 
of medium-sized companies. Are there evidences 
that suggest MCS been used to influence 
R&D/innovation to a certain way? Is there a 
systematic development of environment/culture 
that supports innovation? 
The selection of measures can have behavioural 
impact on managers if measures are used to 
evaluate their performance. For example, if the 
senior managers give emphasis on turnaround time, 
R&D managers may focus on simple modification 
to existing product which consequences to achieve 
strategic exploitation. 
There are measures which discussed in engineering 
literature which do not get attention in management 
accounting literature. For example, process related 
measures to track progress are quite common. They 
come in a form of project status reports which 
contain estimates on timeliness, quality of 
planning, thoroughness of engineering analysis, 
percentage of milestone accomplished, and cost 
comparison between actual and planned (Werner & 
Souder, 1997). 
New product development is quite a broad concept 
ranging from a simple modification to existing 
product to totally new and distinct product. Thus, it 
should be described clearly and specifically. The 
view concurs with Datar & Rajan (2018) who 
differentiate between incremental and radical 
innovations. From control perspective, it is more 
effective to prepare a separate budget for short and 
long-term initiatives. Simple modification which is 
associated with short-term goals impacts current 
revenue, for example, tends to attract managers’ 
attention more because of clearer action-result link. 
However, this may have detrimental effect for 
sustainability of future revenue generation. 
Therefore, performance measurement and control 
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systems must be designed and used to influence 
appropriate managers’ behaviors. 
6. Conclusions 
R&D initiatives and activities are important for the 
sustainability of firms. Hence, the performance of 
R&D unit is crucial for management to monitor. To 
examine R&D performance requires other closely 
related concepts to be studied as well. As the paper 
has reviewed, the nature of structure, performance 
measurements and control are important areas 
researchers in R&D performance must integrate in 
their studies. The paper contributes by discussing 
the two important aspects and provides some 
suggestion for future endeavours in R&D 
performance. 
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